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ABSTRACT 

A conference on s o i l  mechanics from t h e  Apollo 

viewpoint was held a t  MSC on March 7, 8 ,  1966, t o  d i scuss  

t h e  present  s t a t u s  of t h e  s o i l  mechanics e f f o r t s  being con- 

ducted by NASA. The conference was at tended by a number of 

s o i l  mechanics s p e c i a l i s t s ,  by r e p r e s e n t a t i v e s  of NASA, 

Bellcomm, and companies involved i n  t h i s  phase of t h e  Apollo 

program. The purpose of t h e  meeting was t o  review the Apollo 

r e l a t e d  s o i l  mechanics e f f o r t s  t h a t  have been conducted, and 

t o  ob ta in  recommendations from t h e  s p e c i a l i s t s  on t h e  remaining 

e f f o r t s  t h a t  should be performed. 
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A conference on s o i l  mechanics from t h e  Apollo 
viewpoint  was he ld  a t  MSC on March 7, 8, 1966, t? d i s c u s s  
t h e  p re sen t  s t a t u s  o f  %? s o i l  mechanics e f f o 2 t ,  be ing  con- 
ducted by NASA. The conference was a t t ended  by a number of 
s o i l  mechanics s p e c i a l i s t s ,  by r e p r e s e n t a t i v e s  of NASA, 
Bellcomm, and companies involved i n  t h i s  phase of t h e  Apollo 
program. The purpose of t h e  meeting was t o  review t h e  Apollo 
r e l a t e d  s o i l  mechanics e f f o r t s  t h a t  have been conducted, and 
t o  o b t a i n  recommendations from t h e  s p e c i a l i s t s  on t h e  remaining 
e f f o r t s  t h a t  should be performed. 

The s p e c i a l i s t s  p r e s e n t  a t  t h e  meeting were: 

P ro f .  G .  A .  Leonards Purd~ie  Un i v e r  s i t y  

John Lowe, I11 Tip lx t t s -Abbe t t  -McCarthy-Stratton 

P ro f .  F. E. R icha r t ,  Jr. Univ. of Michigan 

W .  G .  Shockley Waterways Experiment S t a t  i on  

P r o f .  T.  William Lambe MIT 

Prof .  R. F. S c o t t  C a l i f .  I n s t i t u t e  of Technology 

Prof .  H .  Bol ton Seed Univ. of C a l i f o r n i a  

The agenda f o r  t h e  meeting was a s  fo l l ows :  

I n t r o d u c t i o n  D r .  L, R e i f f e l ,  NASA 

LEM Design and Performance R .  A ,  Hilderman, Gpxu-nman 

LEM Landing ~ ~ n a r n i b s  S t u d i e s  
and Surveyor E f f o r t s  



( A )  LEM Landing Gear Design J .  A .  Chamberlin and 
and Performance o t h e r  NASA/MSC 

(B)  MSC Landing Dynamics S t u d i e s  

( c )  Apollo Probe S t u d i e s  

( D )  Problem of E x t r a p o l a t i o n  
from Surveyor Data o r  
Probe Data t o  LEM 

LRC Probes and Data Obtained 
Thus Fa r  

R .  S.  Kraemer, P h i l c o  

LRC Probe Data I n t e r p r e t a t i o n  D r .  G .  W .  Brooks, NASA/LRC 
and Fu tu re  Plans  

Sandia P e n e t r a t o r s  and 
S o i l  S imula t ion  Work 

M .  L. Kramm, Sandia 

S o i l  Mechanics C a p a b i l i t i e s  of L.  J a f f e ,  J P L  
t h e  Engineer ing Surveyor 

Adhesion S t u d i e s  J .  Ryan, Douglas 

Cohesive E f f e c t s  i n  S o i l s  D r .  J .  H a l a j i a n ,  Grumman 

Lunar Mobi l i ty  S t u d i e s  D r .  G .  Bekker, General  Motors 

R e s u l t s  of t h e  Russian Luna 9 L. J a f f e  
Miss ion  

P r o j e c t i l e  Impact S t u d i e s  i n  S o i l s  D .  E. Gaul t ,  ~AsA/Ames 

Discuss ion  and Recommendat ions  

Primary t o p i c s  cons idered  du r ing  t h e  c r i t i c a l  d i s -  
cus s ion  and recommendation per iod  of t h e  meeting were a s  
fo l l ows ,  i n  o r d e r  of dec reas ing  p r i o r i t y :  

1. Assuming Surveyor success ,  what i s  an  adequate  
program t o  a s s u r e  conf idence i n  d e s c r i b i n g  LEM 
l a n d a b i l i t y  a t  t h e  Surveyor s i t e :  

( a )  Are Apollo launched probes  an  adequate com- 
plement t o  c u r r e n t  l u n a r  s u r f a c e  measurements 
t o  be performed by Surveyor? 

( b )  I f  n o t ,  what a d d i t i o n a l  l u n a r  measurements 
and/or ea r th -based  work should be implemented? 
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2 .  Assuming Surveyor succes s ,  what a d d i t i o n a l  measure- 
ments and d a t a  should be r equ i r ed  t o  al low e x t r a -  
p o l a t  ion  of s o i l  mechanics d a t a  t o  p o i n t s  cons ide rab ly  
removed from the  measurement s i t e ?  

3.  I f  t h e r e  i s  no Surveyor d a t a ,  we can assume a  backup 
system t o  p rov ide  s o i l  mechanics d a t a  c o n s i s t i n g  of 
Apollo probes launched be fo re  touchdown. What should 
be t h e  n a t u r e  of t h e s e  p robes?  

4. Discuss  t h e  n a t u r e  and purpose of s o i l  mechanics 
measurements subsequent t o  t h e  f i r s t  manned l and ing ,  
r e :  f u t u r e  l and ing  s i t e s ,  a s t r o n a u t  m o b i l i t y ,  
v e h i c l e  m o b i l i t y ,  c o n s t r u c t i o n  problems, b a s i c  
s c i ence ,  e t c .  

The p r e s e n t a t i o n s  were a  g e n e r a l  review of t h e  
r e l a t e d  a s p e c t s  of t h e  Apollo program. Of i n t e r e s t ,  i t  was 
s t a t e d  by D r .  J a f f e  of JPL t h a t  no a t tempt  w ~ u l d  be made t o  
conduct t h e  e r o s i o n  experiment on t he  f i r s t  landed Surveyor .  
I n  a d d i t i o n ,  computer e f f o r t s  aC MSC have shown t h a t  a  LEM 
could land on a  12"  s lope ,  wi th  a  4 p s i  cons t an t  r e a c t i o n  
f o r c e  s o i l  wi th  no i n e r t i a l  r esponse .  

The conc lus ions  p resen ted  by t h e  s o i l s  s p e c i a l i s t s ,  
a s  a  r e s u l t  of t h e  p r e s e n t a t i o n s  made, were unanimous i n  s e v e r a l  
p o i n t s ,  a s  summarized. In format ion  on t h e  l u n a r  s u r f a c e  s o i l  
c h a r a c t e r i s t i c s  a t  p r e sen t  i s  no t  adequate  t o  p rov ide  a  high 
conf idence t h a t  t h e  LEM can make a  s t a b l e  l and ing  on t h e  l u n a r  
s u r f a c e .  D r .  Lambe s t a t e d  t h a t  under normal c i rcumstances  t h e  
r i s k s  were not  exces s ive  by h i s  s t anda rds ,  however, cons ide r ing  
t h e  importance of t h e  Apollo program, and t h e  c a t a s t r o p h i c  
n a t u r e  of a n  u n s t a b l e  LEM landing ,  e f f o r t s  should be made t o  
reduce t h e  r i s k  involved.  They f e l t  t h a t  t h e  Engineer ing Sur-  
veyor should have been designed t o  p rov ide  more adequate  t a c t i l e  
d a t a  on t h e  l u n a r  s u r f a c e ,  and t h a t  t h e  p r e s e n t  v e h i c l e  w i l l  
o f f e r  l i t t l e  meaningful in format ion .  M r .  Lowe and D r .  Leonards 
f e l t  t h a t  t h e  geo log i c  mapping e f f o r t s  should be i n t e n s i f i e d ,  t o  
minimize a s  much a s  p o s s i b l e  by t h i s  method t h e  presence of 
geo log i c  inhomogeniet i e s  i n  p rospec t ive  LEM landing  s i t  ex, however 
t h i s  op in ion  was no t  shared by M r .  Shockley.  D r .  R i cha r t  expressed 
t h e  op in ion  t h a t  i f  t h e  l u n a r  s o i l  i s  marg ina l ,  t h e  e r o s i o n  problem 
due t o  t h e  r e t r o  motor exhaust  impingement on t h e  s o i l  would 
prov ide  an a d d i t i o n a l  hazard ,  perhaps  more s e r i o u s  t han  t h e  ques-  
t i o n  of  t h e  s o i l  bea r ing  s t r e n g t h ,  D r .  Leonard f e l t  t h a t  concern 
should be g iven  t o  t h e  p o s s i b l e  presence of a  c r u s t  on t h e  l u n a r  - s u r f a c e  t h a t  could add ano the r  dimension of complexity i n  d e t e r -  

;P" mining t h e  c o m p a t i b i l i t y  of t h e  l u n a r  s u r f a c e  f o r  a  LEM land ing .  
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When the s p e c i a l i s t s  were asked t o  s t a t e  a  s i n g l e  s o i l  measure- 
ment they would make t o  obta in  meaningful luna r  su r face  t a c t i l e  
da ta ,  t h e r e  was a  consensus t h a t  a  s t a t i c  bear ing  s t r e n g t h  
measurement would be most d e s i r a b l e .  On d iscuss ing  the  LRC 
penetrometer, and the  dynamics of s o i l  impact, i t  was agreed 
t h a t  l i t t l e  p e r t i n e n t  theory o r  experience e x i s t s  t h a t  would 
be app l i cab le  t o  t h e  problem, and t o  the  i n t e r p r e t a t i o n  of t h e  
accelerat ion-t ime s igna tu res  from impact sensors .  D r s .  Sco t t ,  
Shockley, and Seed did express some confidence i n  the  penetro-  
meter concept, and f e l t  t h a t  with concerted e f f o r t  t h e  penetro- 
meter sensor could be appl ied t o  the  LEM e f f e c t i v e l y .  I n  
add i t ion ,  i t  was recommended by the  group t h a t  an e f f o r t  be 
made t o  u t i l i z e  the  s o i l  mechanics profess ion  more a c t i v e l y  
i n  the r e l a t e d  NASA programs. 
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